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ABSTRACT 

To examine the nature of forward saccadic eye 
movements in reading, eye movement records were collected from 
college students as they read a short passage. Forward saccades from 
this data set were analysed to determine factors influencing the 
likelihoci of any given letter in the text being the recipient of the 
next fixation. Data indicated that the likelihood of forward saccades 
taking the eyes to a particular letter position is a function not 
only of the distance of that position from the prior fixation, but 
also of the word length and the letter position in the word being 
read. The analysis suggests that in reading the eyes are simply sent 
to the next unidentified word with location preferences in the word 
being a complex function of length and distance. (Graphs of the data 
are included.) {MM) 
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Abstract 

This paper deals with the control of forward saccadic eye movements in 
reading* Currently there is some controversy both about the nature of 
the information used in deciding where to send the eyes next and how 
soon the information can be brought to bear on influencing where the 
eyes will be sent* Analyses of a set of eye movement data that deals 
with the interplay between eye guidance and word pattern information are 
described* The conclusion is 'that the likelihood of forward aaccades 
taking the eyes to a particular letter position is a function not only 
of the distance of that position from the prior fixation* but also of 
the word length and the letter position in the word which that position 
occupies* An hypothesis ts advanced which suggests that* in reading, 
the eyes are simply sent to the next unidentified word with location 
preferences in the word being a complex function of length and di?tancCi 
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Eye movement control during reading; 
The effect of word units 

In recent years psychologists have shown a renewed Interest In eye 
movement research In readlivg (see reviews by Levy*Sohoen & 0*Regant 
1979; McConkle, 1983; Hayner, 1978a). This work has been motivated by 
more than a simple curiosity about the nature of eye movement control. 
Rathert eye movement data are regarded as having the potential for 
testing theories about the ongoing perceptual and language processing 
taking place during reading. As people read a great deal of variability 
is exhibited In how far they move their eyes, and In how long their eyes 
r^alned centered on different locations In the text. There Is a 
general faith in* and some evidence for, the notion that this 
va'^lablllty reflects differences In the nature of the perceptual and 
cognitive processes occurring at different locations^in the text. It is 
assumed that If we could discover the ways in whloh mental processes 
Influence eye movraent behavior, then we would be able to use eye 
movement records to Infer the nature of the processing occurring at 
different places in the text. In effect, the eye movement pattern would 
then become a language by which the brain communicates some of Its 
activities to the psychologist. The hope that this can be achieved Is a 
strong motivator for research on eye mov€«aent control In reading (Just & 
Carpenter, 1980; McConkle, Hogaboam, Wolverton, Zola, & Lucas, 1979). 

4 

4 

During reading the eyes execute a rapid series of saccadic 
movements averaging within a range of about six to ten letter positions 
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in length. They occur at the rate of three or four per secondf with 
each saccade taking the eyes to a different location and providing the 
reader with a clear perception ot a new region of text. How the mind 
decides where to send the eyes on each saccade has been a matter of 
speculation among psychologists for decades (i-e*i Dodge's (1907) 
argument for the involvement of peripheral vision). For some time it 
was believed that learning to establish a regular rhythm of saccadic 
movement was an oculomotor skill which contributed to skilled reading. 
Howevert attempts to improve reading through oculomotor training proved 
fruitless. 

Hochberg (1970) gave strong credence to the distinction between 
• foveal and peripheral vision in his formulation of a dual eye guidance 

system. He postulated a peripheral search guidance mechanism that 
communicates information to the oculomotor system about where the eyes 
must be moved for clearest visibility of detail, and a cognitive search 
guidance mechanism that affords hypotheses about where to look in order 
to gain further needed information for reading. Recent research, has 
provided clear evidence that readers use some peripheral information in* 
determining where the next fixation will be located (Mcnonkie & Rayner, 
1975; O'Regan, l98o; Rayner, 1978b; Zola^ 198I). O'Regan (198I, see 
alsOf Rayner« 1979) 1 in attempting to account for where the eyes are 
sent during reading* stated the ''Convenient Viewing Position 
Hypothesis* " suggesting that the eyes tend to go to centers of words, 
andt if that fails, corrective action is sometimes required* taking the 
eyes to a more optimal position. Rayner arid McConkie (1976) described a 

ERLC 
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range of alternative ways In which the guidance of eye noveoents might 
occur during reading and argued for a montent-to-moment control In 
response to ongoing mental processes taking place. Shebllske (1975) 
opted for a more delayed form of contrclt one reflecting the amount of 
buffered Information available from prior flr^itlons. Finally, Levy- 
Schoen (1981 ) has suggested th^t eye guidance In reading la baaed on a 
learned oculomotor routine which moves the eyes In a baelc left-to-rlght 
pattern along one line of text and on to the next. However, this 
routine can be Influenced and even overridden by momentary mental events 
occurring during reading. Such modulation would lead to the variability 
seen In eye movement records. 

Thus, at present there Is controversy both about the nature of the 
Information used In deciding where to eend the eyes next (I.e.*, visual 
Inf^matlon from fovea or periphery, central Information from d basic 
oculomotor pattern. Information concerning the contents of a buffer, and 
hypothesis about upcoming text and/or Information from other ongoing 
processes Involved In the perception and comprehenalon of the text) and 
how soon the Information can be brought to bear on Influencing where the 
eyes will be sent. 

In order to gain further Insights into the nature of eye movement 
control In reading, we have collected eye movement records from a number 
of college students us they read a short passage about the early history 
of Alaska. For the present paper, forward saccades from this data set 
were analyzed to yield descriptive Information about the Influences of 

7 
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three variables on the likelihood of any given letter in the text being 
the recipient of the next fixation: 

U how far the letter waa from the prior fixation* 

2, the length of the word the letter is in, 

3. and the letter's serial position in the word* 

(Dodge, 1907; Hochberg, 1970; Levy^Sr^hoen, I98l; O'Regan, 1981; Hayuer 
& McConkie, 1976; Hayner, 1979; Shebjlske, 1975) 

A Set of Eve Movement Data 

As subjects have come to our laboratory to participate in other 
studies, we have typically had them read a 417*tford passage taken from a 
high*school level encyclopedia. Its readability is estimated at lOth 
grade* Thus, it was relatively easy reading for the college students 
who have participated in our research, Hovever, they were told that 
they would t>e given questions after reading the passage, suggesting 
Inplioitly that they should read carefully* 

The text was displayed 'on a Cathode-ray Tube (CRT) one line at a 
time in normal upper and lower case type* The subject waa able to call 
for each successive line by pressing a button which changed the text 
within a few msec* The CUT was about 68 cm from the subjects' eyea, a 
distance at which 4 letter positions occupied one degree of visual 
angle* Maximum line length was 73 letter positions* As subjects read, 
their eye position was monitored every millisecond using a sHI Dual* 

ERIC o 
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Purkinje E:retraaker. 

The analyses to be deserXbed were baa^d on the data from 5t 
subjeets providing a total of nearly 20,000 aaeeadea. Froo these data 

selected each forward saecade which was preceded by a forward 
saccade, where these mov^enta did not represent a reroading of the line 
or part of the line of text, and where neither saccade not the fixation 
.t>etween them were contaminated by eyetracking failures {i.e., blinks, or 
loss of track) 1 This procedure resulted in a reduced data set of 
, approximately 9,200 forward aaccades. 

BftiaHAn^thlpA to nj^irxy. eve novament events 

The degree to which irklivldual saocades are independently 
controlled was explored by correlating the length of each sacoade in the 
drita set with the length of the preceding forward saccade. The 
correlation of r s »2l proved to be due almost entirely to individual 
differences in average saccade length* The average correlation within 
subjects was r ^ »05> In addition, the correlation between the length 
of a saccade and the duration of the prior fixation was r x *>000t> 
These data are in agreement with prior reports {Andricssen & deVoogd, 
1973; Bayner & HcConkie, 1976) and argue for independent cont^ol of 
individual eye movements* Such data give encouragement to the notion 
that each saccade reflects stimulus or Processing characteristics 
present at the time iamediately preceding that saccade, rather than more 
general influences existing over longer periods of time* 
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Dlfltplbution of aaoaade length 

Data coiu:emlng saccadic eye movements can be cooceirtuallzed In 
either of two ways: either as the llkellbood of oaklng saccades of 
different lengthSt or as the likelihood of the eyes going to different 
locations In the text* In this paper» we have adopted the second 
perspective^ and explore the effects of the three variable listed above 
on the locus of the next fixation. Our strategy has been to examine the 
effect of each of these variables while controlling for thr others and 
to allow for some Indication of their possible Interaction, 

A frequency distribution of saccade lengths In the selected data 
set Is shown In Figure 1* The mean saccade length Is 7,20 character 
positions* ^d the standard deviation of the distribution 15 2,90, The 
dlr.trlbutlon also has a aedlan value of 6,87, This distribution gives a 
^nerax Indication of the likelihood of fixating a letter next which 
lies different distances from the present fixation location. The 
Interpretation of this distribution* however* depends upon the view one 
takes of the nature of eye novement control. For example* It might be 
taken aj Indicating the result of oculomotor learning; the average 
distance that readers have learned to cast their eyes and tlie normal 
variability Induced by various cognitive factors (Levy* Scboen* 1981), 
Or it might be taken to indicate the range of distances to words that 
are anticipated In reading and must be fixated next In order for visual 
confirmation to occur (fiocnberg* 1970), Or It might be taken as 
indicating the range of distances at which perception or identification 
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fail* and thus* added visual clarity is required for reading to continue 
{HcConkiet 1979; 0*Regan» 1979)* Thust the proper interpretation of 
this distribution is an issue which has not yet been resolved* 

The Importance of tforda 

tforri^nnlt influeriftfta 

The ntost perceptually* obvious structure In the stiouXus array of a 
page of text is its arrangement in lines and the subdividing of lines 
into words* A very Important question aslcs whethtr^r visual 
characteristics of a word influence the likelihood of the next fixation 
being attracted to letter positions in the word* There is nome evidence 
that this inforaatiou is used in determining future fixation location; 
there are fever fixations in large blank regions (Abraas * Zuber* 1972*^ 
73) and spaces betceen sentences (Rayner* 1975}t wd more fixations on 
the centers of words than on their beginnings and ends {0*Regant 1981; 
Raynert 1979; Zola* 198l}> 

In order to more accurately assess the degree to which the eyes 
tend to be attracted to certain letter positions in a wcrdt we 
partitioned our data according to the location of the fixation with 
respect to different letter positions in words of different length* For 
instancet all fixations were found which were located three or four 
letter positions, to the left of the first letter of a 5*letter word* 
Then the proportion of times that the following fixation fell on that 
letter was calculated* A s^lmilar proportion was obtained for each of 
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tbe other letter positions of a 5-letter vord; in each caset this 
fitatistic represented the likelibood that the letter vould be flxateo 
IttMdiately ibllouing a fixation lying three <^ four character positions 
to the left of it> These proportions are graphically presented in 
Figure 2> This figure also sbovs siftllar proportions tihen the prior 
fixation yas five or six letter positions to the Mft of each letter 
position* Thust there curves indicate the degree to which letter 
position in a vord influCiices the likelihood that a given letter viLl be 
fixated next vhen distance and ^oni length are held constant* Figure 3 
presents similar data f'^r 3-t 5- and T-l^tter vords vhen the prior 
fixation vas five or six character positions prior to the letter* 
Figure 4 presents the data vhen the prior fixation vas nine or ten 
character positions in front of the current fixation* 

The curves show a strong influence of yord position* If a letter 
position is vithin 8 to 10 letter positions of the present fixation 
looationt it is sost likely to be fixated next if it Is slightly left of 
the center of a 5- or 7-lotter word* Letter positions further away than 
this are benefited sore by being closer to the beginning of the word* 
When 3-letter wt»*<ls are involve^^ jowevert the likelihood of a letter 
being fixated is greater if it lies Ifflffladiate'^y to the right of the word 
with a general favoring of end letters over beginning letterSt even if 
the letter lies as such as 9 to 10 positions to the right of the prior 
fixation location* 

Uhile sooe letter positions are clearly preferred* it is equally 
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Important to notice that there are atill laany fixationa at other 
poaitiona» including the apaoe befcure or after a word* Ttieae 
obaervations raise two queations* Firati Mhy are certain letter 
poaitions preferred over othera? Htsd aeoondi why aren*t aore of the 
fixationa drawn to thoae locations? 

In response to the flrat queationi certain poaitions could be 
preferred becauae of an eye iDo^raent control algorithm that aeeka theae 
locations {l>e>v go slightly left of center in the next word), or 
because aome other deteminer of fixation location correlates with word 
position (e>g.| relative perceptibility of letters or larger sub-word 
units) > 

How oni regards the second question concerning the spread of 
fixation locations depends on the answer given to the first* If the eye 
movement control 3yst^ seeks to center the eyes at certain word 
locations » the existence of fixationa at other locationa must indicate 
either that there ia error in the control or that the region sougbt ia 
aufficlmtly large that a relatively broad region represents a hit, or 
both (Bayner, 1979) > On the other hand. If the real basia for eye 
movement guidance aiaply oorrelatea with word poaition, then the fact 
that thia correlation ia not perfect ia the basia for a apread of 
fixation locations* This latter poaaibility then aerves to motivate 
further research aiaed at seeking a more fundamental basis for eye 
movement control* At present » we can only conclude that a model of eye 
movement guidance must predict a greater likelihood of fixating certain 

13 



Eye Movement Control 
11 

locations in words than otherst and that the pattern varies with 
distance of those locations from the present fixation looationt 

tford length effects 

Several effects of word lengths on eye movement control have 
previously been documented; saccades are larger when either originating 
in or going to longer words (0*Regan, 1979) and are shorter when the 
space between wo:^ds lying in peripheral viaion are filled with other 
letters (HcConkie & Rayner, l97i>)- In the present data, word length 
^ effects are seen in Figures 2, 3 ainl 4, For example, Figure 3 

indicates that the second letter of a S-'-letter word is most likely to 
attract the eyes, while the third letter of a 7-letter* word is, even 
when distance A*om the prior fixation is controlled. It seems difficult 
to attribute this shift of where the eyes are sent to anything other 
than an influence of the location of the beginning and the end of a 
word. Also, the nature of the influence of different letter positions is 
quite different for 3*'letter words than for 5- or 7*letter words, with 
greater attraction for letter positions at the end and following the 
word than in the middle of It. From these observations, we conclude 
that a model of eye movement control in reading must be able to account 
fcr a fairly complex pattern of effects related to word length. 

tford identiflQAtion effecia 

In addition to such stimulus configuration factors as word length 
and letter position, previous research has also demonstrated that 

erIc 
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factors related to the identifiability of words influence where the eyes 
go* Erroneous letters in worda to the right of the fixation location 
can shorten saccades (McConkie & Rayneri 1975; 0*Reganf 1980; Raynert 
1975b; Zolai 198l}t though this occurs in a relatively narrow region 
(McConkie & Underwood, sanuscript in preparation}* AlaOt there is a 
tendency to fixate the word ^tho^ (thought to bo more perceptible due to 
its high frequency in the language) less than other 3-letter words 
(0*Began, 1979; O^Regan* 1979b), 

In the present data there are patterns which seen most easily 
explained by aasuming that whether a word is previously identified or 
not influences the likelihood of letters in the word receiving the next 
fixation* For examplet Figure 5 presents the frequency distribution of 
making saccades of different lengths from fixations located one let'^er 
position prior to a word. When fixating InuBediately prior to words of 
length 5 and 7i the distribution of saccade lengths appears to be 
blmodal* The dip between the modes comes at about the region between 
the words in these two cases* The results suggest that at times the 
word Immediately to the right of the fixation was identified, in which 
Case the eyes were sent to the next word beyond it* At other times, the 
word to the right was not identified, and was then the locus of the next 
fixation. Interestingly t this blmodality disappears when the words lie 
Just three letter positions to the right of the fixation (see Figure 6). 
The data suggest that most of the time the word to the right was not 
identified on that fixation, thus requiring it to be fixated next. 
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Another finding l3 that the llk3llhood of fixating a letter 
position 13 much lower If It lies In the presently fixated word than If 
It lies In the next word when distance of the letter from the present 
fixation 13 controlled. Apparently the fixated word Is usually 
Identified and thus does not require a second fixation; uhereas the next 
word to the right Is often not identified and Is much more likely to 
require a fixation* 

3!oward a model of eve movement oontrpl in reai^lng 

At present, It appears that the likelihood of sending the eyes next 
to some particular letter position to the right of the fixation point I3 
Influenced by stimulus factors (l«e, , its distance fros the present 
fixation, the length of the word It Is In, and the letter position It 
occupies within the word) and a cognitive factor (l,e., whether or not 
the word It Is in has been Identified), Thus, an initial mode^ of eye 
movement control In reading would suggest that the eyes are £;imply sent 
to the next unidentified word while reading carefully^ Furthermore, 
where the eyes are sent is strongly Influenced by location preferences 
that are a complex function of uord length and distance^ 

This simple model appears to be capable of accounting for most 
present observations about forward sacccades made during reading* 
Still, it leaves many questions unanswered^ For instance. Is there any 
psychological significance to where In a word the eyes are sent? Are 
fixations on the first letter of a 7-letter word placed there for some 
purpose, or are they there simply because there Is some chance 
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distribution in where tbe eyes go* given tbat an attempt was aiade to 

fixate a word? What factors influence the likelihood of identifying a 

word, thus Influenolng the likelibood that letters in it will be the 

locus of tbe next fixation? The fact that the word **the* is fixated 

less often suggests that word frequeney might have an effeot. A study 

m 

by Zola (1981) failed to find an influence of language constraint on the 

distribution of fixations on a word, though constraint did Influence the 

duration of those fixations. Finally, is a given saccade determliied by 

■ 

information on the immediately prior fixation, or on fictions before 
that, too? ^ 

Another important set of questions concerns whether the factors 
included in this simple model are sufficient, or whether there are 
important influences on where the eyes go which must be added to the 
model and which will change its tasic structure. Are there higher^level 
cognitive or language factors that will be found to have an influence in 
some way other than influencing the likelihood of identifying words? 
Such factors might include buffers, anticipations of upcoming text, or 
syntactic structures. 

Finally, nothing has been said here about the control of regressive 
saccadesf of forward saccades during rereading of the text* or of the 
factors deteraa-ning how long the eyes will remain In a location before 
novlng on. Even less Is known about these aspects of eye movement 
control In reading. They all require much more Investigation. 
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Our messa^ here is quite simple* Bye movements In reading reflect 
the momeDt-by*mc»iient brain state changes Induced by an Interaction of 
the stimulus pattern and the task of comprehending* The underpinnings 
tcr a model of control of forward movaaents In reading Involve 
Influences due to word Identified t ion « word length and letter position 
the word, and distance from the current location* Our current 
hypotnesls suggests that the reader isay simply send his eyes to the next 
unidentified wcrd with positioning in that word Msed upon its length 
and its discance from the point of fixation. It is from this 
perspective- that we will continue our efforts to understand the eye 
guidance syston .in reading. 



ERIC 



18 



Eye Movasent Control 
16 



References 

Abrams, S« G«, & Zuber, L* Sooe temporal obaracterlstlos of Information 
processing during reading* Beading Resfearoh Q ua rt >erlv^ 1972*73i &i 42*51* 

Andrlesseni J* J*, & deVoof^d, A* H« Analysis of eye movement patterns In 
silent reading* IPO Annual Progresa Report. I973t At 30*35* 

Dodget An experimental study of visual fixation* P ^ ycl^ g lo gloal flev^g Wy 
1907t At 1-95* ^ 

Hocbbergi J* Components of literacy: Speculations and exploratory research* 
In H* Levin & J< P* Williams (Eds*), Basic studlQp qk^ rea<^ln<^ > 
Kew York: Basic Books, 1970* 

Just, H* A*, & Carpenter, p* A* A theory of reading: From eye fixations to 

) • 
comprehension* Psychological Review. 1980, SL, 329*354, 

Levy*Schoen, A, Flexible and/or rigid control of oculoiaotcr scanning 
behavior* In D* F* Fisher, R« A* Monty, & J< W* SeiKlers (Eds*), 
movements : Cg™ltlo" visual perception ^ Hillsdale, New Jersey: 
Erlbaum Associates, 1981* 

Levy*Schoen, A*, & 0*Regan, K, The control of eye movements in reading* 
In p« A* Kolers, M, E, Wrolstad, & H* Bouma (Eds*), ProGeasinflf of 
vt ^ jble ianguagfe* New York: Plenum Presa, 1979* 



19 



Eye Movement Control 
17 

McConkie, On the role and control of eye movements in reading* 

In P* A* Koler5« M« WrolstacJi i H* Bouma (Eds^)! Proceaslng of 
Y^a^btfi l^OBM^fl^ New York; Plenum I^e55t 1979* 

McConkie, G* Eye movements and perception during reading* In Rayner 
(Ed*)t Eve movements In reading: Perceptual and language orooesaea. 
Nw York; Academic Preas, l98i* 

McConkie, G^ V,, Hogaboami T* W*i Uolverton, S*, Zola, D*, & Lucast A* 
Toward the use of eye movements in the study of language processing. 
DlgQOurae Proceasea. 1979, Zf 1^7-177* 

McConkie, G. W., & Rayner, K. The apan of the effective stimulus during a 
fixation in reading* Perception gnd P^ . vchoiyhvalGS f 1975, ^Zt 578-586* 

O'Regan, K. Saccate size control in readinfi: Evidence for the linguistic 

control hypothesis. Perception and P3Yc^iODhYs^p 3. l979t 25.* 501-509. (a) 

0*Regan, K. Moment to moment control of eye saccades as a function of textual 
parameters in rei^dins. In P. A. Kolerst M. E. Wrolstadt & H. Bouma 
(EdsOi Prooeaaing of vlalble language . Kew York: Plenum Press, 1979. (b) 

0*Regan, K. The control of saccade size and fixation duration in reading: The 
liiBits of linguistic control. Perception ^ Psvchophvalea. 1980, 2Sl, 
112-117. 



♦ 

£ye Movement Control 
18 

0*}tegan, The ^'convenient viewing position** hypothesis* In F. Fisher, 
R* A* Monty, & J. U* Senders (Eds*) » fiyfi^ nmveniftnta : Cognitl,gp 
Yj-9ual pgrception , Hlllsdalet New Jersey: Erlbaum Associates, 

Rayner, Parafoveal Identification during a fixation In reading* ,Afi^ 
Pavchologloa. 1975< 21* 271*262* 

Rayner, K* The perceptual span and peripheral cues lu reading* Cognitlyg 
^svQhQlQgv. 1975, 1, 65-81* 

Rayner, K* Eye movements In reading and Information processing* PsynhQlogioal 
£uilfiUlI* 1978, 616*660* (a) 

Kayner, Foveal and parafoveal cues In reading* In J* Reauln (Ed*), 
A,^.tantifi!n ^ performaaoe VII, Kev York: Erlbaum, 1978, (b) 

Rayner, ^e guidance In reading: Fixation locations within words* 
Perceptio n. 1979, 1, 21-30* 

Rayner, K,, & McConkle, G, V, What guides a reader's eye mov^ents? Vi, g lo n 
fifififiacfiH, 1976, J£., 829-837. 

Shebllske, V, Reading eye movements from ^ information- processing point of 
view. In D* Hassaro (Ed*), Qnderatandlmt language . New York: Acadefiic 
Press, 1975* 



21 



Eye Movement Control 
19 

(Teoh. Bep. Ko. 216) Orbanat 111.: University of XllinclSt Center for 
the Study of Reading, 1981. 



ERIC 



22 



Eye Movement Control 
20 

Figure Captions 

Figure U Pr^uency distrit>ution of the leogttts of selected 
forward saccade in character positions* 

Figure 2* Likelihood of fixating different letter positions of a 
5»letter word when the distance of the saccade was 3 or 4 and 5 or 6 
letter Positions respectively* 

Figure 3* Likelihood of fixating different letter positions of 3-» 
5* aiKi 7-letter words when the distance of the saccade was 5 or 6 letter 
positions* 

Figure 4* Likelihood of fixating different letter positions of 3--i 
5* and 7*letter words when the distance of the saccade was 9 or 10 
letter positions* 

Figure 5* Frequency distribution of length of saccades following 
fixations one letter position Prior to 5- arKi T-letter words 
respectively* 

Figure 6* Frequency distribution of length of saccades following 
fixations three letter position prior to 5- and 7-lettftr wwds 
respectively* 
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